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J1

HEADER 7x2
JTAG TI

RESET

uPTClk

uPTDO

uPTDI

uPTMS

uPTCK

uPTCK
uPTMS
uPTDI
uPTDO

VCC

Micro-
Controller

TCK 57

TMS 56

TDI 55

TDO/TDI 54

VREF-/VEREF- 11

VEREF+ 10

VREF+  7

P6.7/A7  6

P6.6/A6  5

P6.5/A5  4

P6.4/A4  3

P6.3/A3  2

P6.2/A2 61

P6.1/A1 60

P6.0/A0 59

P5.7/TBOUTH 51

P5.6/ACLK 50

P5.5/SMCLK 49

P5.4/MCLK 48

P5.3/UCLK 47

P5.2/SOMI1 46

P5.1/SIMO1 45

P5.0/STE1 44

P4.7/TBCLK 43

P4.6/TB6 42

P4.5/TB5 41

P4.4/TB4 40

P4.3/TB3 39

P4.2/TB2 38

P4.1/TB1 37

P4.0/TB0 36

XIN  8

XOUT/TCLK  9

XT2IN 53

XT2OUT 52

RST/NMI 58

P1.0/TACLK 12

P1.1/TA0 13

P1.2/TA1 14

P1.3/TA2 15

P1.4/SMCLK 16

P1.5/TA0 17

P1.6/TA1 18

P1.7/TA2 19

P2.0/ACLK 20

P2.1/TAINCLK 21

P2.2/CAOUT/TA0 22

P2.3/CA0/TA1 23

P2.4/CA1/TA2 24

P2.5/ROSC 25

P2.6/ADC12CLK 26

P2.7/TA0 27

P3.0/STE0 28

P3.1/SIMO0 29

P3.2/SOMI0 30

P3.3/UCLK0 31

P3.4/UTXD0 32

P3.5/URXD0 33

P3.6/UTXD1 34

P3.7/URXD1 35

D
V
S
S

6
3

A
V
S
S

6
2

D
V
C
C

1

A
V
C
C

6
4U4

MSP430F147

VCC

R4 1K

R3 1K

Y1
8MHz

C1

20pF

C2
20pF

nStatus
nConfig

Reset

BDRst
1PPSIrq

uPTClk

D
[
0
.
.
.
7
]

VCCFPGA
(CPLD)

VCCIO  5

VCCIO 24

VCCIO 45

VCCIO 61

VCCIO 71

VCCIO 94

VCCIO 115

VCCIO 134

NSTATUS 35

NCONFIG 74

NCE 106

NCEO  3

DCLK 107

DATA0 108

CONF_DONE  2

VCC_CLK 53

IN2 54

GCLK1 55

IN3 56

GND_CLK 57IN1126 GCLK0125 IN0124

TMS 34 TCK  1 TDO  4 TDI105

MSEL1 76 MSEL0 77

VCCINT127 VCCINT103 VCCINT 85 VCCINT 75 VCCINT 50 VCCINT 16

IO/NCS 144

IO/CS 143

IO/NWS 142

IO/NRS 141

IO 140

IO 138

IO 137

IO 136

IO 135

IO 133

IO 132

IO 131

IO 130

IO/DEV_OE 128

IO/DEV_CLRN 122

IO 121

IO 120

IO 119

IO 118

IO 117

IO/DATA7 116

IO/DATA6 114

IO/DATA5 113

IO/DATA4 112

IO/DATA3 111

IO/DATA2 110

IO/DATA1 109

IO 102

IO 101

IO 100

IO 99

IO 98

IO 97

IO 96

IO 95

IO/CLKUSR  7

IO  8

IO  9

IO 10

IO/RDYNBUSY 11

IO 12

IO 13

IO/INIT_DONE 14

IO 17

IO 18

IO 19

IO 20

IO 21

IO 22

IO 23

IO 26

IO 27

IO 28

IO 29

IO 30

IO 31

IO 32

IO 33

IO 36

IO 37

IO 38

IO 39

IO 41

IO 42

IO 43

IO 44

IO 46

IO 47

IO 48

IO 49

IO 51

IO 59

IO 60

IO 62

IO 63

IO 64

IO 65

IO 67

IO 68

IO 69

IO 70

IO 72

IO 73

IO 92

IO 91

IO 90

IO 89

IO 88

IO 87

IO 86

IO 83

IO 82

IO 81

IO 80

IO 79

IO 78

GND 84

GND 93

GND 104

GND 123

GND 129

GND 139

GND  6

GND 15

GND 25

GND 40

GND 52

GND 58

GND 66

U3

EP1K30TC144

R59 1K

BP42

.1uF

VCCintVCC

TDC

VDD  1

VDD 18

VDD 39

VDD 40

VDD 60

VDD 73

VDD 84

VDD 90

VDD 104

VDD 111

VDD 120

VDD 130

VDD 141VDD-PMOSD 34

VDD-PMOSG 35

DCH0 67

DCH1 66

RE 72

ZSG 11

WS 21

RRUN 22

RSTART129

RMOD0 74

RMOD1 75

RCLK132

WRUN119

WSTART131

(ROOUT) 20

(ENRO) 98

(COM) 36

(DN) 51

(UP) 52

RP0 137

RP1 138

RP2 139

RP3 140

RP4 142

RP5 143

RP6 144

R00 13

R01 14

R02 15

R03 16

R04 17

R05 19

F00 41

F01 42

F02 43

F03 45

F04 46

F05 47

R10 56

R11 57

R12 58

R13 59

R14 61

R15 62

F10 77

F11 78

F12 79

F13 80

F14 82

F15 83

R20 91

R21 92

R22 94

R23 95

R24 96

R25 97

F20 102

F21 103

F22 105

F23 106

F24 107

F25 108

R30 112

R31 113

R32 114

R33 115

R34 117

R35 118

F30 121

F31 122

F32 123

F33 124

F34 126

F35 127

CIO4  7

CIO5  8

CIO6  9

CIO7 10

TIN1P 26

TIN1N 25

VGN1 86

TIN2P 30

TIN2N 29

VGN2 88

TIN3P 32

TIN3N 31

VGN3 89

ED 28

(WTCEN) 65

(WTCLK) 68

(ROSC) 69

(TSTROSC) 71

DIV4 55

SF1 48

SF2 49

RESET110

CLKP135

CLKN134

EDCLK133

WR 50

CS 54

RA0 99

RA1100

CIO0  2

CIO1  3

CIO2  4

CIO3  5

TIN0P 24

TIN0N 23

VGN0 85

VSS-NMOSG 37

VSS-NMOSD 38

VSS 12 VSS  6

VSS 27

VSS 33

VSS 44

VSS 53

VSS 63

VSS 64

VSS 136

VSS 128

VSS 125

VSS 116

VSS 109

VSS 101

VSS 93

VSS 87

VSS 81

VSS 76

VSS 70

U2

TMC-TEG3

R60
1K

R61
1K

D[0...7]

A[0...3]

VCC

41MHz

TMCClk

VCC

Threshold
adjust

Multiplier
1:3.3333 Clock

X1/IN  1

VCC  2

GND  3

REF  4 CLK  5S0  6S1  7X2  8
U1

ICS502

2

3  1
JP2

12.5MHz

VCC

V+

Amplifier

12.5MHz Clock

N/C  1

GND  7 CLK  8

VCC 14
X1

ITCXO1912-12.5
TCXO 12.5MHz

C22
.1uF

L1

INDUCTOR

C25
10uF

VCC

PMT
Input 1

1:11

P1
BNC

  3

  2
 1

U5A
OPA2681

R7
51

R6
100

2
  3 1

D1

BAS40-04

R1

51 1%

R2

510 1%

R8

51 1%

R9

510 1%

V-

0...-82mV

Comparator

V+  1

IN+  2

IN-  3

V-  4 LE  5GND  6

Q  8

Q  7

U6

LT1711

R5
5K POT

C3
.1uFTPV1

TPVTH1

VCC TPDSC1

2

3

1

JP3

RRun

TMCRun

WRun
TMCRun

VCC

VCC

TMCD0
TMCD1
TMCD2
TMCD3
TMCD4
TMCD5

TMCD6
TMCD7
TMCD8
TMCD9
TMCD10
TMCD11

TDI
TDO
TClk
TMS

BDRst

3V1PPS

TMCD41
TMCD42
TMCD43
TMCD44
TMCD45
TMCD46
TMCD47

TPDBG

DClk
CfgDat
ConfDone

RD
41MHz
CPLDSel

WR
D0
D1
D2
D3
D4
D5

TrgIRQ
CPLDSel
TMCSel
RD
WR

WRun
RRun

A0
A1
A2

TmpS

VCCint
1
2
3
4
5
6
7
8
9
10

J2

HEADER 5x2
JTAG Altera

D0
D1
D2
D3
D4
D5
D6
D7

Barometer

TDI

TMS

TDO

TClk

DClk

DSelect
DData

VCC

SI  1

SCK  2

RESET  3

CS  4WP  5

SO  8
U8

AT45DB011

  5
  9
  4
  8
  3
  7
  2
  6
  1

P4

DB9RF

BDRst

nStatus
ConfDone
nConfig

CfgDat

DClk

CfgDat

DWP

Firmware

RS232 interface

Memory
Flash

C6

.1uF

C7

.1uF

V+  2C1+  1

C1-  3

T0IN 11

R0OUT 12

C2+  4

T1IN 10

R1OUT  9

C2-  5

R1IN  8T1OUT  7

R0IN 13T0OUT 14

V-  6

U9

LTC1386

D6
D7
A0
A1
A2
A3

TrgIRQ
1PPSIrq
TrgLED
TMCRun
Hit0
Hit1
Hit2
Hit3
SCLR_RST

A3

GPSTx
eGPSTx
iGPSTxTMCD23

TMCD24

TMCD25
TMCD26
TMCD27
TMCD28
TMCD29
TMCD30
TMCD31
TMCD32
TMCD33
TMCD34
TMCD35
TMCD36
TMCD37
TMCD38
TMCD39
TMCD40

TrgOut

TMCD12
TMCD13
TMCD14
TMCD15
TMCD16
TMCD17

TMCD18
TMCD19
TMCD20
TMCD21
TMCD22
TMCD23

TMCD24
TMCD25
TMCD26
TMCD27

TPDSC2

TPDSC3

2

3

1

JP4

BDRst

WR
TMCSel
A0
A1

D0
D1

TMCClk

Div4
TstrOsc

VCC

VCC

V+  1

IN+  2

IN-  3

V-  4 LE  5GND  6

Q  8

Q  7

U7

LT1711

R10
5K POT

C4
.1uF

R19
5K POT

TPVTH2

TPV2

PMT
Input 2

P2
BNC

  5

  6
 7

U5B
OPA2681

2
  3 1

D2

BAS40-04

R12
51

R11
100

R16

51 1%

R17

510 1%

V-

PMT
Input 3

P3
BNC

  3

  2
 1

U10A
OPA2681

R20
100

R21
512

  3 1
D6

BAS40-04

R23

51 1%

R24

510 1%

V-

R27
5K POT

V+  1

IN+  2

IN-  3

V-  4 LE  5GND  6

Q  8

Q  7

U12

LT1711

V+  1

IN+  2

IN-  3

V-  4 LE  5GND  6

Q  8

Q  7

U11

LT1711

C10
.1uFTPV3

TPVTH3

R26

51

R28

51

R32

51

C14
6.8nF

C13
6.8nF

C12
6.8nF

TPDSC4

D2
D3
D4
D5
D6
D7

Hit0

Hit1

Hit2

TMCD28
TMCD29

TMCD30
TMCD31
TMCD32
TMCD33
TMCD34
TMCD35

TMCD36
TMCD37
TMCD38
TMCD39
TMCD40
TMCD41

TMCD42 TMCD5
TMCD6
TMCD7
TMCD8
TMCD9
TMCD10
TMCD11
TMCD12
TMCD13
TMCD14
TMCD15
TMCD16
TMCD17
TMCD18
TMCD19
TMCD20
TMCD21
TMCD22

1
2
3
4
5
6
7
8
9
10

J3

HEADER 5x2

Debug

LS1
LS2
LS3

LS0

LD0
LD1
LD2
LD3
LD4
LD5
LD6

DB0
DB1
DB2
DB3
DB4
DB5
DB6

C8

.1uF

C9

.1uF

RX-eGPS
TX-eGPS

TX-PC
RX-PC

PCTx
PCRx

GPSRx

serial
port

(RS232)
to PC

1

2

3

4

5

6

7

8
JP8
HEADER 4X2

Motorola
UT-Plus
Oncore
GPS
(optional)

(*2)

1
2
3
4
5
6
7
8
9
10

J4

SOCKET 5x2

V+

(*1)

R29 1KR33 3K

R22 3K R25 1K

TP1PPS

3V1PPS

TTL1PPS

DB7
DB8
DB9

1OE  1

1A0 47

1A1 46

1A2 44

1A3 43

2OE 48

2A0 41

2A1 40

2A2 38

2A3 37

3OE 25

3A0 36

3A1 35

3A2 33

3A3 32

4OE 24

4A0 30

4A1 29

4A2 27

4A3 26

1Y0  2

1Y1  3

1Y2  5

1Y3  6

2Y0  8

2Y1  9

2Y2 11

2Y3 12

3Y0 13

3Y1 14

3Y2 16

3Y3 17

4Y0 19

4Y1 20

4Y2 22

4Y3 23

U15

PI74LPT16244

TMCD0

TMCD1
TMCD2
TMCD3
TMCD4TMCD43

TMCD44
TMCD45
TMCD46
TMCD47

R34

51

C15
6.8nF

Hit3

-4.1V
reference

C11
.1uF

R15

75

C5
2.2uF

D3
LM4040-4.1

TPVTH4

TPV4

R13
5K

V-

V- -4.1

PMT
Input 4

P5
BNC

2
  3 1

D7

BAS40-04

R31
51

R30
100

  5

  6
 7

U10B
OPA2681

V-

1
2
3
4
5

6
7
8
9

11
12
13

15

16
1737

21
22
23
24
25

26
27
28
29

31
32
33

35

36

10

14

18
19
2040

39
38

34

30

J5
PROTO AREA 17X8

V-V-

+2.5V

+3.3V

Voltage
Regulators

IN  5

IN  6 OUT 23

OUT 24

SENSE 25EN  4

RESET 28GND  3

U13A

TPS73HD325

IN 11

IN 12 OUT 17

OUT 18

SENSE 19EN 10

RESET 22GND  9

U13B

TPS73HD325
C18
10uF

BP1
.1uF

C17
10uF

V+

V+

"1PPS" LED

"POWER" LED

D5

LED
GreenD8

SMBJ5.0A

D4

LED DUAL

R57 510

R14 510

BP43
.1uF

TrgLED
VCC

VCCint

Scaler Display
(4x 7-seg. LEDs)

R18

330

DIG1 12

DIG2  9

DIG3  8

DIG4  6

A 11

B  7

C  4

D  2

E  1

F 10

G  5DP  3

U19

LDQ-M284RI

TTL1PPS

VCC

V+

R48 27
R49 27
R51 27
R53 27

R43 27
R44 27

R39 27

DG1
DG2
DG3
DG4

Temperature
Sensor Port

LS0

LS1

LS2

LS3

LD0
LD1
LD2
LD3

LD4

TmpS

 3

 4
  5

U20
SN65LVDT2

R52 510

2
3  1

D11
BAS40-04

R54
10K

VCC

VCC

external

temperature

shielded
10-pos
modular

GPS and

jack:

sensor

  1
  2
  3
  4
  5
  6
  7
  8
  9
 10
 11

  0 JP1

RJ45

VCC

V+

V+

output

Trigger
monitor

(NIM)

P6
LEMO

R35
51

V+

V-

NIM output
driver

R36

1K

TPTRG1

1A  1

1B  2 1Y 13

1Z 12

1C  3

D 10

2C  4

2A  5

2B  6 2Z  92Y  8

VCC+ 14

VCC- 11

U14

SN75110A

TrgOut

V+

C24
1uF

R62

120

LD5
LD6

Barometer

-4.1

  3
  8
  5
  1
  2

 6

U18
INA122

C23
20pF

R41
1K POT

R47 000

R42 RX R46 RX

R40 000

VCC

VCC

Pressure
Sensor

5VDC power input

OUT-  1IN-  2IN+  3OUT+  4

NC  8 NC  7 NC  6 NC  5
U17

ICS1451

  2
  3
  1 J6

AUDIOJACK

  2
  3
  1 J7

AUDIOJACK

+5V

"Trigger" LED

F1

FUSE
1AD9

SM5908D10
SM5908

C20b
150uF

C19
150uF

V+

V-

-5V
BOOST  1

CAP+  2

GND  3

CAP-  4 OUT  5LV  6OSC  7V+  8
U16

LTC660

C20
150uF

TPGND1 TPGND2

C21
150uF

V+

V+

Prototyping
area

V+

VCC

V+

VCC

Supply Bypass Capacitors for all ICs:

BP2
.1uF

BP3
.1uF

BP4
.1uF

BP5
.1uF

BP6
.1uF

BP21
.1uF

BP22
.1uF

BP23
.1uF

BP24
.1uF

BP25
.1uF

V-

VCC

BP10
.1uF

BP11
.1uF

BP12
.1uF

BP7
.1uF

BP8
.1uF

BP9
.1uF

BP26
.1uF

BP27
.1uF

BP28
.1uF

BP29
.1uF

BP30
.1uF

BP31
.1uF

BP13
.1uF

BP32
.1uF

BP33
.1uF

BP34
.1uF

BP14
.1uF

BP15
.1uF

BP16
.1uF

BP17
.1uF

BP18
.1uF

BP35
.1uF

BP36
.1uF

BP37
.1uF

& daisy-chain

BP19
.1uF

BP38
.1uF

BP20
.1uF

BP39
.1uF

BP40
.1uF

BP41
.1uF

Reset

V+
Reset button
Controller

R50

1K

SW1

PBSW

R45
10K

R37
1K POT

R38
1.8K

SCLR_RST

VCC

Scaler
Reset button

notes:
(*1): R29=0 if U20 + ext. GPS are used.
      R29=1K + remove U20 if Motorola UT-Plus GPS is used.
(*2): J8 = debug port for external GPS serial data:

      debugGPS: connect PC serial port to: 1=GND, 3=RX, 5=TX,
      normal operations: jumper at pins 3+4 and pins 5+6,

      debugMSP: connect PC serial port to: 8=GND, 6=RX, 4=TX.

R56

1K

SW2

PBSW

R55
10K

VCC


